Two arginyl-transfer ribonucleic acid (tRNA) synthetase (EC 6.1.1.13, arginine: ribonucleic acid ligase adenosine monophosphate) activities were found in extracts of Escherichia coli strains AB1132 and NP2. The two arginyl-tRNA synthetase activities in extracts of strain AB1 132 were found to be separable by diethylaminoethyl-cellulose column chromatography, Sephadex column fractionation, and by sucrose density gradient centrifugation. In addition, in the standard assay using extracts of strain AB1132 there were two pH optima for arginyl-tRNA synthetase activity. Furthermore, when arginyltRNA synthetase of strain NP2 was fractionated by hydroxylapatite column chromatography, two activities were observed which were similar to those of strain AB1132.
Two arginyl-transfer ribonucleic acid (tRNA) synthetase (EC 6.1.1.13, arginine: ribonucleic acid ligase adenosine monophosphate) activities were found in extracts of Escherichia coli strains AB1132 and NP2. The two arginyl-tRNA synthetase activities in extracts of strain AB1 132 were found to be separable by diethylaminoethyl-cellulose column chromatography, Sephadex column fractionation, and by sucrose density gradient centrifugation. In addition, in the standard assay using extracts of strain AB1132 there were two pH optima for arginyl-tRNA synthetase activity. Furthermore, when arginyltRNA synthetase of strain NP2 was fractionated by hydroxylapatite column chromatography, two activities were observed which were similar to those of strain AB1132.
A number of aminoactyl-transfer ribonucleic acid (tRNA) synthetases have been extensively purified, and analyses of subunit structure have been performed. The evidence clearly indicates that several of these enzymes are composed of single polypeptide chains, whereas others have oligomeric structures composed of identical or nonidentical subunits (2, 6, 8, 10, 16, 18) . The arginyl-tRNA synthetase has been purified to homogeneity as a single protein unit (7) , and the genetic data suggest that there is only one structural gene for arginyl-tRNA synthetase (5). However, two active forms have been reported for leucyl- (17) and lysyl-tRNA synthetases (9) .
In this communication, we present data for the existence of two arginyl-tRNA synthetase activities.
MATERIALS AND METHODS
The Escherichia coli strain AB1132, a threonine, leucine, methionine, proline, and histidine auxotroph, was obtained from E. A. Adelberg. Strain NP2 is a valine-sensitive K-12 prototroph maintained in our laboratory. The cells were grown in L broth (12) , with aeration on a rotary-action shaker at 37 C. Growth was measured by optical density in a Hitachi Perkin-Elmer model 101 spectrophotometer at 420 nm (light path equals 1 cm).
Cells were harvested during the mid-exponential phase of growth, rapidly chilled, and collected by centrifugation. The resulting pellet was resuspended in potassium phosphate buffer (4) , and the cells were subjected to sonic treatment with a Branson sonifier as described by Chrispeels et al. (4) . The protein content of the extracts was determined by the method of Lowry et al. (13) .
Arginyl-tRNA synthetase activity was determined by the "4C-labeled amino acid attachment assay as described by Chrispeels et al. (4) , with the exception that incubation was for 5 min. The RNA was from E. coli K-12 (General Biochemicals), and the radioactivity determinations were made with a Packard liquid scintillation spectrometer. For the pH optima study, the activity was determined as in the standard attachment assay, except that pH of the buffers used was as indicated in the experiment. For the activity determinations, with buffers with a pH above 7.0, potassium phosphate or tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffers were used; for the low pH value, Tris-acid maleate buffers were employed. Minus-adenosine triphosphate blanks were determined for each reaction mixture in each experiment. Fig. 1A show the fractionation of arginyl-tRNA synthetase activity from the DEAE-cellulose column. The fractions invariantly rechromatographed at the same or similar positions as separate activities. Figure 1B shows the two activities obtained upon fractionation by Sephadex G50-80 chromatography. In both instances, it is quite clear that these fractionations resulted in two activities for arginyl-tRNA synthetase of strain AB1132. Since the slow migrating peak possessed the major activity in both studies, we then centrifuged the extract in a sucrose density gradient containing the same phosphate buffer at pH 7.0. The results of this experiment are shown in Fig. 2 . Again, the major activity peak has the greatest apparent molecular weight. The possibility was considered that these results were somehow influenced by the strain (AB1132) from which the extracts were prepared. These considerations included the possibility that strain AB1132 harbored a phage carrying arginyl-tRNA synthetase, especially in view of the large number of mutations which had been introduced into this strain and the observation by Neidhardt (5 by 40 cm), which was equilibrated with 10 mm potassium phosphate buffer (composition described in Materials and Methods). Elution was with a linear gradient using an equal volume of 10 and of 100 mm potassium phosphate buffers. Twelve fractions were collected, and arginyl-tRNA synthetase activity was determined as described in Materials and Methods. (B) Sephadex G-50-80 column fractionation of a crude extract of strain AB1132. A crude extract of strain AB1132 was prepared as described in Materials and Methods. The crude extract was loaded onto the Sephadex column (5 by 40 cm), which was equilibrated and eluted as described for A. The fractions were collected, and arginyl-tRNA synthetase activity was determined as described in Materials and Methods.
thetase from the two other E. coli strains (HP18 and HP 4; unpublished results). To approach the question of the physiological basis of these activities, we prepared an extract from AB1132 and determined arginyl-tRNA synthetase activity over a pH range of 5.5 to 9.0. Similar results were obtained using the separate fractions from the DEAE-cellulose column fractionation. These results (Fig. 4) 
